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What is the Physics of the Cosmos Program? 

NASA Astrophysics is organized into 3 broad science themes: 

 Exoplanet Exploration    ExoPAG 
 Cosmic Origins     COPAG 
 Physics of the Cosmos    PhysPAG 
 

Physics of the Cosmos Program seeks to understand the nature of the 
Universe.  What are its constituents?  What are the laws that govern its 
birth and evolution? 

Dark Energy:  Probe the nature of dark energy by studying the expansion rate of the 
universe and the growth of structure  

Inflation:  Test the theory of inflation by measuring the polarization of the Cosmic 
Microwave Background.   

Black Holes & General Relativity: Probe the properties of black holes and test General 
Relativity in strong gravity environments using x-ray emission and gravitational waves 

Behavior of Matter in Extreme Environments:  Explore extreme astrophysical 
processes with Cosmic rays, X-rays and Gamma-rays 1 
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PhysPAG SIG Leaders 
• Five Science Interest Groups:  Cosmic Structure, Inflation Probe, Gamma 

Rays, Cosmic Rays, Gravitational Waves, X-Rays 

• PhysPAG Executive Committee membership: 
– J. Bock, Chair, California Institute of Technology 

– M. Bautz, Vice-Chair, MIT, X-rays 

– R. Bean, Cornell University, Cosmic Structure 

– J. Bookbinder, SAO, X-Rays 

– J. Conklin, University of Florida, Gravitational Waves 

– N. Cornish, Montana State, Gravitational Waves 

– O. Doré, NASA Jet Propulsion Laboratory, Cosmic Structure 

– H. Krawczynski, Washington University St. Louis, Gamma Rays 

– M. McConnell, University New Hampshire, Gamma Rays 

– A. Miller, Columbia University, Inflation 

– J. Nousek, Penn State, X-Rays 

– A. Olinto, University of Chicago, Cosmic Rays 

– Eun-Suk Seo, University of Maryland, Cosmic Rays 

– E. Wollack, NASA Goddard Space Flight Center, Inflation 

• Rotating off in Dec 2015, Call for applications in Fall 2015 
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Speaking 
this session! 



• Expand our knowledge of dark energy 

• Precisely measure the cosmological 
parameters governing the evolution of the 
universe and test the inflation hypothesis of 
the Big Bang  

• Test the validity of Einstein's General Theory 
of Relativity and investigate the nature of 
spacetime  

• Understand the formation and growth of 
massive black holes and their role in the 
evolution of galaxies 

• Explore the behavior of matter and energy in 
its most extreme environments 

 

Physics of the Cosmos 
Science Objectives 

W44 SNR 
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See talk by 

Olivier Doré 

Cosmic Structure SIG 

in this session! 



Euclid 
A visible and near-infrared telescope to explore cosmic evolution  
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WFIRST / AFTA   Widefield Infrared Survey Telescope  

with Astrophysics Focused Telescope Assets 
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WFIRST-AFTA Dark Energy Science 

complements 

Euclid 

complements 

LSST 
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• Expand our knowledge of dark energy 

• Precisely measure the cosmological 
parameters governing the evolution of the 
universe and test the inflation hypothesis of 
the Big Bang  

• Test the validity of Einstein's General Theory 
of Relativity and investigate the nature of 
spacetime  

• Understand the formation and growth of 
massive black holes and their role in the 
evolution of galaxies 

• Explore the behavior of matter and energy in 
its most extreme environments 
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See talk by 

Ed Wollack 

Inflation SIG 

in this session! 



Legacy of Planck – Looking Towards the Future 
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Gravitational potential derived from CMB lensing 

Planck detects lensing at 40s! 
      - mostly using CMB temperature data 

 

B-mode polarization from lensing 
      - detected by BICEP2/Keck, SPT, ACT, 

           and POLARBEAR 

      - ultimate tool to map the gravitational 

           potential, large-scale structure 

Rendering of polarized Galactic dust emission 

All-sky polarized maps in 7 frequency bands 



Inflation and the CMB 
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Gravitational wave amplitude (r) 

G
a

la
c
ti
c
 d

u
s
t 

a
m

p
lit

u
d

e
 (

A
d
) 

BICEP2 

Keck 

Combined 

68% 

95% 

• Signature of inflationary gravitational 

       waves:  degree-scale ‘B-mode’ polarization 

         - B-modes reported at 150 GHz by BICEP2 

         - Consistent result from Keck Array in 2015 
 

• Dust subtraction with BICEP+Keck+Planck 

       leaves a residual CMB signal at 1.5s 

         - Upper limit on r < 0.12 (95 % conf.) 

         - Note r=0 is not at likelihood peak 

         - Errors increase from dust subtraction 

• Errors improving quickly with new data 
 

• Regime r = 0.01 – 0.1 very interesting 

       - Tests slow-roll models 

       - Will be mined in the next few years 



• Expand our knowledge of dark energy 

• Precisely measure the cosmological 
parameters governing the evolution of the 
universe and test the inflation hypothesis of 
the Big Bang  

• Test the validity of Einstein's General Theory 
of Relativity and investigate the nature of 
spacetime  

• Understand the formation and growth of 
massive black holes and their role in the 
evolution of galaxies 

• Explore the behavior of matter and energy in 
its most extreme environments 
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See talk by 

John Conklin 

Gravitational Wave SIG 

in this session! 



Space-Borne Gravitational Wave Observations 
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LISA Pathfinder Background 
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October 2, 2015 



Evolved Laser Interferometer Space Antenna (eLISA) 

• A space-based gravitational wave observatory was recommended by 
Astro2010 as the third priority under large space missions 

• NASA and ESA are discussing a potential NASA contribution to ESA L3 

– ESA has selected eLISA for the L3 mission with a planned 2034 launch 

• Discussions between ESA and NASA are ongoing; the partnership likely 
will be subject to Astro2020 decadal approval 14 
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See talk by 

Mark Bautz 

X-Ray SIG 

in this session! 
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ASTRO-H 
Soft X-ray Spectrometer and Soft X-ray Telescope Mirrors  



Athena 
Advanced Telescope for High Energy Astrophysics  
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• Expand our knowledge of dark energy 

• Precisely measure the cosmological 
parameters governing the evolution of the 
universe and test the inflation hypothesis of 
the Big Bang  

• Test the validity of Einstein's General Theory 
of Relativity and investigate the nature of 
spacetime  

• Understand the formation and growth of 
massive black holes and their role in the 
evolution of galaxies 

• Explore the behavior of matter and energy in 
its most extreme environments 
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W44 SNR 
See talk by 

Mark McConnell 

g-Ray SIG 

in this session! 

See talk by 

Angela Olinto 

Cosmic-Ray SIG 

in this session! 



Recent News from Fermi:  Magnetar Storms 

• Magnetars are highly 
magnetized neutron stars.  
Only 20 are currently known 

• Bursting detected J1550–
5418 in 2009.  Bursts are 
smaller but more frequency 
than the rare giant flares 

• Flare associated with surface 
quakes (mag 23 on the 
Richter scale!) 

• Further analysis of Fermi data 
shows that bursts have 
characteristic frequencies 

• Thought to be a result of 
strong coupling between the 
surface and the magnetic 
field 
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ISS-CREAM 
Cosmic Ray Energetics  And Mass for the International Space Station 

• P.I.:  Eun-suk Seo, Univ. of Maryland 

• Measures the energy spectra from 1010 

to >1014 eV over the elemental range 
from protons to iron (Z = 1-26) 

• Evolves from the CREAM balloon 
experiment.  

• Extends reach of direct cosmic ray 
measurements to the  highest energy 
possible to probe their origin 

• Launch planned in 2015 

 21 



How Can I Get Involved? 

• Visit pcos.gsfc.nasa.gov   

• Sign up for email 
announcements, or for a 
Science Interest Group 

• Participate in community 
discussions 
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If you are interested and participate:  

You are a NASA PhysPAG member 



Current PCOS Activities: 
Preparing Large Missions for 2020 Decadal 
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Identify a small set (~3-4) of large mission concepts to study  

• The community has invested considerable resources in discussing notional classes of 
mission concepts for consideration as large missions following JWST and WFIRST and in 
parallel with the ESA-led missions Euclid, Athena, and L3.  

– The 2010 Decadal Survey, New Worlds New Horizons in Astronomy and Astrophysics.  

– The 2014 Astrophysics Visionary Roadmap, Enduring Quests, Daring Visions.  

• NASA has drawn an initial small set of 4 candidate mission concepts from the missions 
discussed in these strategic documents.  

• The Astrophysics PAGs are to solicit community input for the purpose of commenting 
on the small set, including adding or subtracting large mission concepts; each PAG will 
submit a report regarding the small set of large mission concepts for consideration by 
the NAC Astrophysics Subcommittee.  

• At its Fall 2015 meeting, the NAC Astrophysics Subcommittee will consider the three 
PAG reports and submit a report to NASA on the small set of large mission concepts for 
study.  

• NASA will then decide which large mission concepts will be studied as input for the 
2020 Decadal Survey.  



Current PCOS Activities 
Preparing Large Missions for 2020 Decadal 
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• Far-Infrared Surveyor 
– 4-6 m filled cold aperture 
– 10 m segmented cold aperture 
– High sensitivity spectrometers, wide-field imagers 

• Habitable Exoplanet Imaging Mission 
– 4-8 m monolith 
– 10-10 contrast with coronograph or starshade 
– Camera, IFU spectrometer 

• UV/Optical/IR Surveyor 
– 8-16 m aperture 
– UV, optical and near-IR coverage 
– Suite of imagers and spectrometers 
– Possibly has a coronograph 

• X-Ray Surveyor 
– Angular resolution < 1”, 5’ FOV 
– 3 sq. meter effective aperture 
– High resolution (~1000) spectroscopy over a broad band 
– 0.1 – 10 keV 

 
• The ESA Athena is regarded as a mission in progress for the 2020s 
• The ESA L3 gravitational wave mission is regarded as a mission in progress for the 2030s 
• The Inflation Probe is regarded as a smaller mission class (a “probe” mission) 
• Probe mission studies are planned as the following step 
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Large Mission PhysPAG Themes* 
• Far-Infrared Surveyor 

– How and when did the first supermassive black holes form? 
– Evolution of galaxies and their supermassive black holes 
– Multi-messenger studies with GW events 
– Technology synergies with Inflation Probe and X-ray detectors and optics 
– Intensity mapping measurements of large-scale structure 

• Habitable Exoplanet Imaging Mission 
• UV/Optical/IR Surveyor 

– Evolution of galaxies and their supermassive black holes 
– Understand the physics of supernovae and feedback on evolution of galaxies 
– Understand the physical state, composition and kinematics of baryons in the cosmic web 
– Multi-messenger studies with GW events 
– Follow-on studies of large-scale structure measurements 

• X-Ray Surveyor 
– How and when did the first supermassive blackholes form? 
– Evolution of galaxies and their supermassive black holes 
– Test strong GR by probing behavior of matter in the vicinity of supermassive black holes 
– Measure the spin distribution of supermassive black holes in the local Universe 
– Determine the properties of matter at the highest densities and pressures in neutron stars 
– Understand the physics of supernovae and feedback on evolution of galaxies 
– Understand the physical state, composition and kinematics of baryons in the cosmic web 
– Multi-messenger studies with GW events 

 
 *An incomplete list 



PCOS/PhysPAG Meetings and 
Community Interaction Opportunities 
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• April 2015, American Physical Society meeting, Baltimore, MD 
– PCOS table within display hall 
– Gamma-SIG mini-symposium “Future MeV Gamma-Ray Science and Missions” 
– GWSIG meeting on Saturday 
– Cosmic-Ray SIG meeting Monday afternoon 

• June 29-July 1, 2015 “Special HEAD meeting” 
– X-Ray SIG meeting 
– Gamma-Ray SIG meeting 
– Joint PAG panel discussion:  response to charge on large mission planning 

• August 2015, IAU-AAS meeting in Honolulu 
– PCOS booth 
– Joint PAG splinter session 

• January 2016, American Astronomical Society, Kissimee FL 
– Annual PhysPAG meeting 
– PCOS booth 

• List of events regularly updated:    pcos.gsfc.nasa.gov/physpag 



 

 

Thanks for Listening! 
 

 

 

 

pcos.gsfc.nasa.gov   
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Advanced LIGO 
Advanced Laser Interferometer Gravitational-Wave Observatory 
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aLIGO interferometers will: 

• improve sensitivity by >10 over the 

entire initial LIGO frequency band 

• increases the bandwidth of the 

instrument to lower frequencies 

(from ~40 Hz to ~10 Hz) 

• Can detect inspiraling binary 

neutron stars to 300 Mpc, some 15x 

further than the initial LIGO, and an 

event rate some 3000x greater 

• Neutron star - black hole (BH) 

binaries will be visible to 650 Mpc 

• Coalescing BH+BH systems will be 

visible to z=0.4 

• First observing run starts fall 2015 

LIGO Hanford Facility 

Rendering of Inspiraling Neutron Star Binary 



NASA hardware contribution  

to ESA’s Euclid mission 

• NASA’s contribution to the Euclid mission will be the Near Infrared Spectrograph and 
Photometer (NISP) flight focal plane subassemblies that meet ESA’s requirements for 
testing characterization: 

• 16 flight (plus 4 flight spares) “triplet” Sensor Chip Systems (SCS) 
• 2Kx2K HgCdTe array (H2RGs) + flex cable + SIDECAR ASIC control electronics 

• First flight SCS delivery to ESA planned in ~2015 (under evaluation) 
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WFIRST-AFTA Dark Energy Capabilities 



CMB Balloon Program 

Currently NASA supports balloon-borne 
experiments to probe CMB polarization:  

– Access to higher frequencies 
– Space-like environment 
– Technology demonstrations 
– 2012: E and B experiment (EBEX; P.I. Hanany) 
– 2015: Suborbital Polarimeter for Inflation Dust 

 and the Epoch of Reionization 
 (SPIDER; P.I. Bill Jones)  
– 2016:Primordial Inflation Polarization Explorer 
 (PIPER; P.I. Al Kogut) 

EBEX PIPER SPIDER 

Superconducting Detector Technologies 

SPIDER prepped for launch 



Inflation and the CMB 
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SPIDER Flies from Antarctica in January 2015 



Recent News from NuSTAR and XMM-Newton 

• Observations of the 
supermassive black hole 
in PDS 456, an ultra-
luminous quasar 

• XMM-Newton observes at 
lower X-ray energy, 
NuSTAR at higher X-ray 
energy 

• Iron emission and 
absorption features show 
winds in this quasar blow 
in all directions 
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